unsaturated impurities (acting as radical traps) present in most of rough carbons. As a matter of fact, radical grafting was reported to occur within the cathodic range with electroactive salts like aryl diazonium salts [7] . Additionally, activated carbon-halogen bonds (allylic, benzylic and propargylic halides) were reported to afford free radicals [8] [9] and could also be used for convenient surface modifications by unsaturated organic moieties enabling secondary grafting processes. The use of catalysts (transition metals in sub-molar concentration preliminarily deposited at the GC surface) could be efficiently used for formation of dense layers via the immobilization of functionalized alkyl radicals [10] .
In the aim of going further in diversifying and innovating in surface chemical modification of carbons, it has been very recently proposed to consider the electrochemical cathodic charge of carbons (well known in the field of electricity storage, such le reversible insertion of Li + inside the graphite plans) [11] and therefore creating nucleophilic micro-centers inside and at its surface by employing non-electrophilic cations such as tetraalkylammonium TAA + . This proposal, developed during 2-3 recent years,could enlarge possibilities of surface modifications if electrophilic species are present concomitantly (or after) the charge in the electrolytic bulk. Thus, GC under cathodic polarization at E < -1.7 V vs. Ag/AgCl appears to yield nucleophilic species [12] capable to produce, to a large extent, interfacial reactions. Therefore, the reactivity of GC interface (electron transfer(s) versus S N 2-like reactions) toward organic derivatives featuring some electrophilic behavior is worth being re-considered. 
Experimental
Voltammetry was essentially carried out in 0.1 M solutions of tetraalkylammonium salts (TAAX) such as tetramethylammonium (TMABF 4 ) and tetrabutylammonium (TBABF 4 ) tetrafluoroborates in upper grade dimethylformamide (DMF) and acetonitrile (AN).
Experiments described in this work needed no special treatment of electrolytic solutions.
Potentials are referred to the aqueous Ag/AgCl/KCl (sat) . Voltammetric and coulometric measurements were performed using three-electrode cells separated with a fritted glass. The electrochemical instrumentation has been previously reported [12] .
Glassy carbon (GC) electrodes used as substrates had geometric area of 0.8 and 7 mm 2 .
All those carbon samples were purchased from Tokai Carbon C° (code: GC Rod).
Prior to being electrochemically charged (cell with a separator) at potential between -2.0 and -2.3 V in DMF containing TMABF 4 , electrodes and large plates (coming from CarboneLorraine, vitrified at 1500 or 2500 °C) were carefully polished first with silicon carbide paper (Struers 500) and then with Norton polishing paper (type 02). Then, carbon samples were placed in the contact of air and sonicated for 5 min in water and rinsed three times with acetone.
Chemicals used in this paper are essentially organic electrophiles (derived from primary alkyl iodides) such as n-octyl, n-decyl, and n-dodecyl iodides. Marked electrophiles like ω-iodohexyl-1-ferrocene and 4-nitrobenzylbromide were also employed. Most of them were purchased from Aldrich. The ferrocene marker was synthesized according to a process already reported [12] . 2 . In C1, electrode response in the absence of di-oxygen in the solution. In C2, the same solution with a partial pressure of di-oxygen. In C3, anodic response in a solution free of Fc-C 6 -I after one single scan between 0 and − 1 V. Scheme 1. Main reactions provoked by contact of oxygen to charged carbon cathodes in the presence of alkyl iodides RIs as electrophiles.
Results

Voltammetric evidence of peroxidation of carbon surfaces.
Use of cathodically charged carbon electrodes as strongly nucleophilic materials.
From the preliminary results described in §3.1., it was searched to check the reactivity of oxygen in contact with cathodically charged carbon (graphite, glassy carbon, industrial coke) simply achieved in DMF saturated with tetramethylammonium tetrafluoroborate (TMABF 4 ). Moreover, the process could be considered as green since the solution allowing the carbon charge is reusable and quite certainly, many electrolytes could be proposed for the peroxidation of the surface.
The numerous foreseeable possibilities are shortly evoked in Figure 2 . Precise experimental conditions are underlined in its caption. Therefore, in A, the GC electrode first charged and then exposed to air (equation 7 and 8, Scheme 1), reacts fast with the primary alkyl iodide (reaction 8) to give a large reduction step a (E p/2 = -1.4 V) almost disappearing from the second scan (in b) that can be identified as cathodic scission of the grafted alkyl-peroxide.
Lastly after two or three scans, only one step c remains that corresponds to the two-electron cleavage of the RI. Very similarly, in B and C at graphene and graphite surfaces, the steps at - The reactivity of surface peroxides could be shortly exemplified in the inset of Figure 2 . In I, anthraquinone (reduced before the O-O scission) could be immobilized. On the contrary, in II, 4-nitrobenzyl bromide reacts with the surface, but the scission (due to the electron withdrawing effect) occurs before the reduction of the nitro-aryl group. Lastly, in III, ferrocene could be attached which permits to verify the two methods developed in §3.1. and §3.2. are equivalent, although the second recipe is easier and more general.
Conclusion
For the first time, the electrophilicity of di-oxygen toward cathodically charged carbons was evidenced. It is clear, however, that such kind of affinity had been shown by Kharasch (1954) towards Grignard reagents, similarly leading to peroxides, but the present contribution allows the electrochemical peroxidation of many varieties of carbons under very simple conditions. 
